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1 INTRODUCTION 
 
The aim of the project was to update an MS Excel based environmental exposure calculation model 
used in the environmental risk assessment of slimicides in the Finnish Environment Institute. The 
current model uses assumptions and parameters from typical Finnish paper mills in the late 1970s 
and 1980s (Tables 1-2). Paper making processes and waste water treatment have been developed 
thereafter and there are needs to make the model more up-to-date. Nowadays, water circulation 
systems are more closed and many acid processes have been changed to either neutral or slightly 
alkaline. 
 
Table 1. Default values in the scenarios of the present model. 
Parameter Mill 1 Mill 2 
Biocide application expressed as g/ton of paper mg/l 
Daily paper production 540 tons Not given 
Waste water production 800 m3/h 350 m3/h 
Proportion of waste water from short 
circulation 
Not given 60% 
pH of process water 5 5 
pH of waste water 7 7 
Process water temperature  55 °C 55 °C 
Waste water temperature 35 °C 35 °C 
 
 
Table 2. Assumed water holding times in different waste water treatment stages used in the present 
model. 
Process water 
0.5 h 
Activated sludge treatment 
Short holding times 
Activated sludge treatment 
Long holding times 
Mechanical and/or chemical 
treatment 
Primary clarification 
4 h 
Primary clarification 
6.5 h 
Mechanical and/or chemical 
treatment 
4 h 
Aeration basin 
4 h 
Aeration basin 
24 h 
 
Secondary clarification 
4 h 
Secondary clarification 
10 h 
 
 
 
2 METHODS 
 
A questionnaire was sent in May out to 37 organised Finnish Forest Industries Federation member 
mills among which there were both paper mills and board mills. Process water and waste water 
parameters such as pH, temperature and holding times etc. were inquired in the questionnaire. 
Letters were addressed to environmental managers within the mills or other members of staff 
specialised in environmental issues. The response percentage was around 65%. Mean values and 
maximum and minimum values were calculated on the basis of the data given by respondents. 
Median was also calculated for the most essential parameters in case some of the parameter 
distributions are sloping. 
 
 
  
 
 
 
6 
 
 
3 RESULTS 
 
The following data in Table 3 have been summarised from the information given by the mill 
representatives. Appendix I includes the most important results as frequency bars. 
 
Table 3. Mill data from the inquiry. 
Number of paper mills from total 37 24 
Number of paper machines in the 24 mills  
in total 
fine paper (coated) 
fine paper (uncoated) 
offset printing paper 
board 
soft tissue 
others (e.g. special grades, newsprint) 
 
69 
9 
10 
6 
10 
8 
26 
 Average 
(min-max) 
Median 
Std. deviation 
Paper machine number per mill  2.9 (1-6) 3 1.5 
Daily output per mill (tons of paper) 1144 (55-3300) 930.5 932 
Daily output per machine (tons of paper) 413 (20-1200) 385 297 
 Average 
(min-max) 
Median 
Std. deviation Number of 
machines 
Process water pH (all) 6.5 (4-8.5) 7 1.3 66 
 Alkaline/neutral process water pH (6.1-8.5) 
 Acid process water pH (4.0-6.0) 
  44 
22 
 Average 
(min-max) 
Median 
Std. deviation Number of 
machines 
Process water temperature  
all 
30-39 ° C 
40-49 ° C 
> 50 ° C 
 
46 (25-65) 46.5 
 
7.4 
 
69 
16 
38 
15 
Water holding time in the process (h) 
-      all  
-      machines producing: 
· fine paper (coated) 
· fine paper (uncoated) 
· LWC/MWC (printing paper) 
· board 
· others (incl. soft tissue, newsprint, special grades) 
-      average in machines with output of 
· < 400 tons of  paper/day 
· > 400 tons of paper/day 
 
15 (1-72) 8 
 
18 (2.5-40) 20.5 
6 (1-18 ) 5 
32 (12-48) 37 
11 (3-40) 8 
15 (1-72) 5 
 
10 (1-48)  
21 (1-72) 
 
16.3 
 
12.0 
5.1 
17.7 
13.0 
22.0 
 
12.0 
20.3 
 
46 
 
8 
9 
5 
7 
17 
 
25 
20 
Average ratio of water volumes in short circulation and 
long circulation (%) 
fine paper (coated) 
fine paper (uncoated) 
LWC/MWC (printing paper) 
board 
others (incl. soft tissue, newsprint, special grades) 
 
 
17 (4-40) 
20 (6-50) 
6 (4-12.5) 
13 (1-44) 
62 (2-300) 
 
 
14.3 
13.3 
3.4 
14.4 
 
 
 
6 
9 
6 
8 
20 
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Table 3. (continued) 
 Average 
(min-max) 
Median 
Std. deviation Number of cases 
Waste water volume produced (m3/h) 
all 
mills producing: 
fine paper or coated printing paper 
 
board 
 
others (incl. soft tissue, newsprint, special grades) 
 
759 (60-2500) 
674 
 
861 (230-2500) 
718 
531 (60-2310) 
204 
820 (390-1420) 
800 
 
601 
 
 
672 
 
805 
 
410 
 
27 
 
 
9 
 
7 
 
11 
Waste water temperature (°C) 38 (23-50) 37 7.8 26 
Waste water pH 7 (5-10) 6.85 1.1 26 
Holding time in the waste water treatment process (h) 46 (2-316) 31 65.0 
 
25 
Number of different waste water treatment combination 
Primary clarification + aeration basin + secondary 
clarification 
Mechanical and/or chemical treatment (see text) 
 
17 
 
8 
 Average 
(min-max) 
Median 
Std. deviation Number of cases 
Water holding times in waste water treatment stages 
(h) *) **) 
primary clarification  
aeration basin  
secondary clarification  
mechanical and/or chemical treatment 
 
 
11 (4-31) 11 
19 (2-36) 20 
8 (4-13) 7.5 
12 (2-31) 9.7 
 
 
6.9 
10.3 
2.8 
8.9 
 
 
17 
13 
12 
8 
 
Dilution rate estimates in the receiving water course 
average  
median 
minimum (river) 
maximum (lake) 
std. deviation 
number of cases 
 
1:460 
1:125 
1:2 
1:2000 
675 
16 
*)  One case includes an anaerobic phase as the first step 
**)Two plants conduct clarified waste water to a municipal active sludge plant  
 
 
 
4 DISCUSSION ON THE RESULTS 
 
In the following part each parameter is discussed separately. In chapter 6 two realistic combinations 
of mill parameters are summarised as the refined model cases. 
 
4.1 Process water pH 
 
Approximately 2/3 of all paper and board machines in Finland operate on neutral or slightly 
alkaline pH range (6.1-8.5). Nowadays, nearly all fine paper processes are neutral or slightly 
alkaline. However, pH in board and printing paper manufacturing processes (often smaller in 
product output) appears to be more often acid. Many special paper grades are also made in acid 
process conditions. 
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When using the calculation model, it would be a typical case to assume process water to be pH 7. 
Hydrolytic half-lives of some biocide compounds are significantly different at acid and alkaline pH. 
For most slimicides transformation is slower at acid pH and, therefore, acid process water pH 5 
should be considered the worst case. 
 
4.2 Process water temperature 
 
In most Finnish paper machines process water temperature is 40 to 50 °C, so the present 
temperature assumption in the calculation model (45 °C) is typical. Normally, transformation rates 
are known at 25 °C. At higher temperatures transformation can be assumed to be faster according to 
the Arrhenius equation (i.e. typically 2-3 times faster when the temperature is 10 °C higher).  
 
 
4.3 Water holding time in the process 
 
The minimum water holding time in the process given by respondents was 1 to 3 hours for every 
paper grade. Holding time in the model should be kept around the minimum time. A realistic value 
for worst case might be 1 hour. However, average of all machines was estimated to be 15 hours and 
this should be considered a typical case.  
 
4.4 Biocide addition  
 
Usually, biocide is added into the short circulation to prevent microbiological problems at the wire 
part. Within many machines, machine chest is circulated.  Circulated material favours microbial 
growth, and therefore, broke is normally treated with biocide. Especially coated broke is a good 
carbon and nutrient source for microbes. Additives need biocide treatment for the same reason as 
well. 
 
In many processes producing special paper grades biocides are not used at all, since process water is 
not circulated. In terms of biocide addition, the  worst case might be a machine in acid pH range 
with a short water holding time and biocide addition at several points in the long circulation as well. 
The worst case paper mill would not be integrated to a pulp mill so that biocide containing waste 
water from paper process would be less diluted. In addition, its waste water would be treated merely 
chemically or mechanically without any biological treatment 
 
4.5 Daily product output 
 
Instead of 540 tons of paper used in a default parameter in the current model, the typical daily 
output of an average paper machine should be around 410 tons of paper that is the mean daily 
output at the mills covered in this survey. In the future, the product output of paper industry is very 
likely to grow.  
 
4.6 Waste water volume 
 
In the survey, the average volume of waste water produced was 760 m3/h on a mill basis. Scenario 1 
in the current exposure model gives a waste water production assumption of 800 m3/h on a machine 
basis. The value should be multiplied by the average machine number in a Finnish paper mill (i.e. 
around 3 according to this survey) to get the waste water production on a mill basis. According to 
this survey, the maximum waste water volume is around 2500 m3/h, which is fairly correspondent 
to Scenario 1 on a mill basis.  In Scenario 2 of the current exposure model, the correspondent 
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assumption is about 350 m3/h on a machine basis making it a fairly good estimation of an average 
Finnish paper mill.  
 
4.7 Volume of waste water derived from short circulation 
 
Most respondents were able to distinguish  the volumes of the short circulation and the long 
circulation. Waste water volume derived from the short circulation was obviously difficult to 
estimate, as only 13 respondents were able to do it. Estimates on waste water volume derived from 
the short circulation varied from 0% to 100%. On an average, higher percent values were given for 
board machines than the others, e.g. 30% and 50%. Values such as 30% and 18% and 2% were 
given for fine paper machines. There were also machines producing coated fine paper, uncoated 
fine paper, board and newsprint reported not to discharge waste water from the short circulation. 
The current exposure model makes an assumption of 60% of waste water coming from the short 
circulation. Based on the results of this survey, it is highly relevant to assume that no dilution 
occurs with the long circulation water because in many cases biocides are also added directly to the 
long circulation water or to the broke system. In order to make more accurate estimation of dilution 
in the process, more detailed estimations of holding times of the short circulation and the long 
circulation and broke systems should be made. 
 
4.8 Waste water pH and temperature 
 
The assumed values in the present exposure model for waste water pH (7)  and temperature (35°C) 
are realistic compared with the average estimates given by respondents, which were pH 7 and 38 
°C. So, these can be regarded as typical cases. According to the responses the worst case waste 
water temperature would be 23 °C. The typical waste water pH is also the worst case. The minimum 
waste water pH value given by respondents was 5 but that is obviously the value before pH 
adjustment of waste water from acid process water. 
 
4.9 Water holding time in waste water treatment and in its stages 
 
An activated sludge treatment seems to be more common (68% of cases) than any mechanical 
and/or chemical treatment. Typically, the biological waste water treatment (activated sludge) within 
the mills includes primary clarification, aeration basin and secondary clarification steps. Among the 
treatments including not a biological step, there were both chemical and mechanical regimes, as 
well as combined chemi-mechanical treatments. Chemical treatment typically includes primary 
clarification treatment with precipitation chemicals and secondary clarification whereas mechanical  
 
treatment is only carried out by sieving or clarification etc. Integrated mills (incl. pulping) normally 
need active sludge treatment, whereas mechanical and/or chemical treatment is adequate for mills 
only producing paper or board.  
 
The minimum water holding times in the primary and secondary clarification stages were estimated 
to be 4 hours which are correspondent to the short holding times of the activated sludge treatment in 
the current model. Compared with the long holding times of activated sludge treatment in the 
current model, the maximum primary and secondary clarification times given by respondents were 
not that similar. In the model, aeration basin may have either short (4 h) or long (24 h) holding time. 
The minimum estimate from this survey (2 h) was fairly correspondent to the short holding time. 
On the contrary, the maximum holding time in the aeration basin given by respondents was as long 
as 36 hours.  The mills where waste water is treated in an aerated pond are excluded from these 
calculations because an aerated pond is not as effective as an aerated sludge treatment in the 
removal of organic compounds. 
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Mechanical and/or chemical treatment was estimated to take 2 hours (minimum), which suggests 
that the holding time in the present model (4 h) should possibly be divided by two. Mechanical 
and/or chemical treatment is especially critical as it does not include any other treatment phase and 
the water reaches the recipient water course soonest. 
 
4.10 Dilution conditions 
 
The present exposure model does not take dilution in the receiving water course into account. It is, 
however, regularly discussed in the conclusions of environmental risk assessment reports of 
slimicides by Finnish Environment Institute. Actually, dilution decreases biocide concentrations 
both in the waste water treatment with biocide-free waste water and in the recipient water course. 
While predicted environmental concentration is highly dependent on dilution factors, it should also 
be noted that the total amount of biocides released to the environment should be kept to a minimum 
in order to avoid overall chemical pollution and prevent both short-term and long-term effects of 
biocides. 
There are three dilution factors that should be paid attention to: 
 
1. Dilution with waste water derived from either chemical or mechanical pulping within integrated 
mills. In fact, waste water from a pulp mill does not contain biocidal compounds added to 
prevent harmful microbiological activity. According to the yearbook of Finnish Forest 
Industries Federation, 20 mills of 24 interviewed make pulp and they are likely to have dilution 
from pulping waste water to paper machine waste water. Normally, mills making chemical pulp 
(8 of 24 interviewed) produce waste water approximately three times as much as mechanical 
pulp making ones. In this survey, mill representatives were not asked to estimate the dilution 
ratio of waste water from pulping or cooling. Those dilution factors should be found out more 
detailed in the future.  
 
2. Dilution with cooling water might be 1:2 (in accordance with two mill respondents). Dilution 
with cooling water only occurs in case cooling water is combined with water from waste water 
treatment prior to discharging to the recipient water and cooling water itself is not treated with 
biocide. Waste water from cooling is not usually led to  waste water treatment but it is 
discharged directly to the recipient water course. 
 
3. Dilution in the recipient water. Minimum dilution ratio might be something like 1:2 and the 
average of 16 mills is approximately 1:460. There are different cases depending on the recipient 
water course (lake/river/see) and season. 
 
 
5 ANALYSIS OF THE SENSITIVITY OF THE CURRENT EXPOSURE MODEL 
 
Risk characterisation ratios are calculated as PEC/PNEC ratios in which PEC = Predicted 
Environmental Concentration and PNEC = Predicted No Effect Concentration. PEC values are 
calculatory concentrations in water whereas PNEC is determined according to results from 
ecotoxicological tests on aquatic organisms and activated sludge micro-organisms. The results in 
Appendix II show the sensitivity of risk characterisation ratios by water holding time and pH in the 
process and in the waste water treatment. The PEC/PNEC ratios indicate risk values in alternative 
waste water treatments by different degradation processes. Daily paper production on volumes and 
waste water volumes in the calculations are average values from the survey results. 
 
Based on the test calculations with the transformation and ecotoxicity data of some slimicides, it 
seems that the current exposure model is not very sensitive to changes of water holding times in the 
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process or in the waste water treatment. As water holding times are varied in the realistic range, 
there are no big differences in the PEC/PNEC values. The holding time in an aeration basin 
possibly has most effect on the degradation of biocides.  
 
Although hydrolysis rate of many slimicides is known to be pH dependent the process pH seems to 
have a minor importance to the degradation of  slimicides by hydrolysis in the process and to the 
final PEC/PNEC value.  
 
Results from the present exposure model are fairly dependent on the proportion of waste water 
coming from the short circulation. If the proportion percentage is set to 100%, which actually is 
correspondent to a system having the same biocide concentration in the short circulation and the 
long circulation, the risk values change remarkably. As dilution with biocide-free waste water from 
pulping in integrated mills is likely to occur, the proportional factor could  be renamed as “waste 
water proportion from paper making” and in that case a realistic proportion should be discussed. 
 
 
6 MODEL CASES FOR DIFFERENT SCENARIOS 
 
6.1 Aim of the model cases 
 
Two model cases have been formulated in order to cover the majority of the discharges on a mill 
basis. Mills excluded from the cases were the ones producing special grades with no biocide 
addition at all and the ones with waste water production less than 100 m3/h. The cases are selected 
for the environmental exposure model to represent: 
A. Paper machines and processes which will cause the highest biocide emission to the 
environment. The process and waste water parameters chosen, however, should be 
realistic in the sense of existent mills in Finland. The realistic worst case should ideally 
constitute 5-15% of the total waste water volume (total volume approximately 20500 
m3/h) produced in the 27 mills giving information. The reasoning behind the criteria is 
following: 
It is assumed that the amount of a biocide used and the effects of a biocide in the waste 
water treatment plant and the recipient water course are proportional to the volume of 
waste water. 
B. Paper machines and processes which will cause the typical release of a biocide to the 
environment. The process and  waste water treatment parameters chosen should 
represent paper mills or machines producing 25-40% of the total waste water volume of 
the 27 mills that responded. 
 
6.2 Selecting the default values of the model cases 
 
CASE 1  
Realistic worst case 
The machines classified as the worst cases represent approximately 35 % of the total waste water 
volume produced by 24 mills responded. There are 4 mills of this type in Finland. The 
characteristics of the realistic worst case mills/machines have been selected as the following: 
ü Water holding time in the process 1-21 hours (average of different machines of the realistic 
worst case mills is 8.6 hours and median 5.5). The value of 2 hours is chosen for the model. 
ü Process water pH mostly around 8. The hydrolysis rates are normally given at pH 7 and 9, 
therefore, pH 7 is chosen. 
ü Process water temperature 40 °C at lowest, otherwise 45-55 °C, so 40 °C is selected. 
ü Daily production per one machine 670 tons of fine paper or printing paper or board. 
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ü Biocide addition both into the short circulation and the long circulation (incl. broke system 
and additive storage) ® no dilution from the long circulation to the biocide concentration. 
ü Waste water volume produced 1470 m3/h on a mill basis. 
ü Waste water is treated only mechanically or chemically, although the mill is integrated with 
a pulp mill the waste water treatment of which includes the activated sludge treatment. The 
holding time of the waste water treatment phase selected for the model is 4 hours. 
ü Waste water pH around 7.5 and temperature around 35 °C. Consequently, the present 
default values of the model are maintained (pH 7 and 35 °C). 
 
Four integrated paper mills were classified as the realistic worst case group mainly because of their 
large waste water volumes from paper machines combined with no activated sludge treatment of 
paper machine waste water regardless of the possible dilution of biocide concentrations with 
biocide-free waste water from pulping. 
 
CASE 2  
Typical case 
59% of the total waste water produced by 24 mills responded are included in Case 2. There are 15 
Case 2 mills among the ones responded. Main characteristics of Case 2: 
ü Integrated or not integrated to pulping 
ü Water holding time in the process approximately 16 hours (in the range of 1-48 hours) 
ü Both neutral/slightly alkaline and acid process water conditions even though neutral/slightly 
alkaline is more used, pH 7 selected for the model 
ü Process water temperature in the range of 25-70 °C, the average of 45 °C selected for the 
model 
ü Paper grades produced and daily product output very variable within the group 
ü Biocide addition both into the short circulation and the long circulation (incl. broke system 
and additive storage) ® no dilution from the long circulation to the biocide concentration 
ü Waste water volume produced approximately 750 m3/h on a mill basis 
ü Activated sludge basin is included in the waste water treatment making the holding time 
before the water course fairly long.  
ü Water holding time in the primary clarification 12 h, the activated sludge basin 20 h and the 
secondary clarification 8 h.  
ü Waste water pH typically around 7, waste water temperature very variable within the group 
in the range of 20-50 °C, 35 °C is chosen for the model. 
 
 
7 CONCLUSIONS - CHANGES IN THE MODEL ON THE BASIS OF THE SURVEY 
 
Compared with the survey results, the parameters used in the present Excel based calculation model 
appear to be fairly realistic and up-to-date. Based on the survey results, the current model scenario 
will be duplicated and the default parameters changed so that one copy will give the realistic worst 
case results (Case 1) and the other those of a typical case (Case 2). However, in these two scenarios 
it is now possible to change the holding times case by case. 
 
As for waste water treatment regime and holding time, the PEC/PNEC ratios of the chemi-
mechanical treatment actually indicate the realistic worst case toxicity to aquatic organisms whereas 
the PEC/PNEC ratios for the activated sludge treatment with the long holding time indicates a 
typical case toxicity to aquatic organisms and activated sludge microorganisms. Due to the volume 
of the basin, the PEC/PNEC ratio of the activated sludge treatment with short holding time can be 
assumed the realistic worst case to activated sludge microorganisms. 
APPENDIX I  1(2) - Frequencies of process 
and waste water parameters in Finnish 
paper mills 
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APPENDIX I  2(2) 
 
 
 
 
Waste water temperature
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APPENDIX II  1(5) - RISK CHARACTERISATION BY TEST CALCULATIONS WITH 
THE MODEL 
 
Present water holding times in the model  
 
Table 4. Water holding times in three alternative waste water treatments. 
Process water 
0.5 h 
Activated sludge treatment 
Short holding times 
Activated sludge treatment 
Long holding times 
Mechanical and/or chemical treatment 
Primary clarification 
4 h 
Primary clarification 
6.5 h 
Mechanical and/or chemical treatment 
4 h 
Aeration basin 
4 h 
Aeration basin 
24 h 
 
Secondary clarification 
4 h 
Secondary clarification 
10 h 
 
 
 
 
RESULTS: Risk characterisation ratios for a DBNPA product 
Application concentration 10 mg/L of process water 
PNEC Activated sludge  25 mg/L   
PNEC aquatic organisms 2 mg/L   
     
     
   PEC/PNEC in 
Endpoint treatment processes Mill 2 
(acid 
process 
water) 
Mill 2 
(alkaline 
process 
water) 
Toxicity to activated sludge 
microorganisms 
   
 Activated sludge/short 
holding time 
hydrolysis 16.9 16.8 
  biological 17.9 17.9 
     
 Activated sludge/long 
holding time 
hydrolysis 4.8 4.7 
  photolysis 
+biological 
2.4 2.4 
  biological 5.9 5.9 
     
Toxicity to aquatic organisms    
 Activated sludge 
effluent/short holding 
time 
hydrolysis 197 196 
  biological 223 223 
     
 Activated sludge 
effluent/long holding 
time 
hydrolysis 49 49 
  photolysis+ 
biological 
13 13 
  biological 74 74 
     
 Mech.chem. treated 
effluent 
hydrolysis 215 214 
  biological 225 225 
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APPENDIX II  2(5) 
 
Minimum water holding times from the survey results 
 
Table 5. Water holding times in three alternative waste water treatments 
Process water 
1 h 
Activated sludge treatment 
Short holding times 
Activated sludge treatment 
Long holding times *) 
Mechanical and/or chemical treatment 
Primary clarification 
4 h 
Primary clarification 
11 h 
Mechanical and/or chemical treatment 
2 h 
Aeration basin 
2 h 
Aeration basin 
19 h 
 
Secondary clarification 
4 h 
Secondary clarification 
8 h 
 
*) average times from the survey 
 
 
RESULTS: Risk characterisation ratios for a DBNPA product 
Application concentration 10 mg/L of process water  
PNEC Activated sludge  25 mg/L   
PNEC aquatic organisms 2 mg/L   
     
     
   PEC/PNEC in 
Endpoint treatment processes Mill  
(acid 
process 
water) 
Mill 
(alkaline 
process 
water) 
Toxicity to activated sludge 
microorganisms 
   
 Activated sludge/short 
holding time 
hydrolysis 17.0 16.9 
  biological 17.9 17.9 
     
 Activated sludge/long 
holding time 
hydrolysis 5.0 4.9 
  photolysis + 
biological 
2.9 2.9 
  biological 6.0 6.0 
     
Toxicity to aquatic organisms    
 Activated sludge 
effluent/short holding 
time 
hydrolysis 202 199 
  biological 224 224 
     
 Activated sludge 
effluent/long holding 
time 
hydrolysis 53 53 
  photolysis + 
biological 
18 18 
  biological 74 74 
     
 Mech.chem. treated 
effluent 
hydrolysis 215 213 
  biological 225 225 
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APPENDIX II  3(5) 
 
Table 5. (continued) 
RESULTS: Risk characterisation ratios for glutaraldehyde products 
Application: either 200 g/ton of paper or 40 mg/l of process water 
PNEC Activated sludge  1600 mg/L    
PNEC aquatic organisms 31 mg/L    
      
      
   PEC/PNEC in   
Endpoint treatment processes Mill 1 
(acid) 
Mill 1 
(alkaline) 
Mill 2 
(acid) 
Mill 2 
(alkaline) 
Toxicity to activated sludge 
microorganisms 
    
 Activated 
sludge/short holding 
time 
hydrolysis 39.4 39.4 9.0 9.0 
  biological 25.0 25.0 5.7 5.7 
      
 Activated sludge/long 
holding time 
hydrolysis 39.3 39.3 4.5 4.5 
  photolysis+ 
biological 
16.3 16.3 1.9 1.9 
  biological 11.8 11.8 1.3 1.3 
      
Toxicity to aquatic organisms     
 Activated sludge 
effluent/short holding 
time 
hydrolysis 635 635 145 145 
  biological 272 272 62 62 
      
 Activated sludge 
effluent/long holding 
time 
hydrolysis 631 631 72 72 
  photolysis + 
biological 
102 102 12 12 
  biological 79 79 9 9 
      
 Mech.chem. treated 
effluent 
hydrolysis 636 636 145 145 
  biological 523 523 105 105 
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Average water holding times from the survey results 
 
Table 6. Water holding times in three alternative waste water treatments 
Process water 
15 h 
Activated sludge treatment 
Short holding times *) 
Activated sludge treatment 
Long holding times 
Mechanical and/or chemical treatment 
Primary clarification 
4 h 
Primary clarification 
11 h 
Mechanical and/or chemical treatment 
12 h 
Aeration basin 
2 h 
Aeration basin 
19 h 
 
Secondary clarification 
4 h 
Secondary clarification 
8 h 
 
*) minimum times from the survey 
 
 
RESULTS: Risk characterisation ratios for a DBNPA product 
Application concentration 10 mg/L of process water 
PNEC Activated sludge  25 mg/L   
PNEC aquatic organisms 2 mg/L   
     
     
   PEC/PNEC in 
Endpoint treatment processes Mill  
(acid 
process 
water) 
Mill 
(alkaline 
process 
water) 
Toxicity to activated sludge 
microorganisms 
   
 Activated sludge/short 
holding time 
hydrolysis 16.9 14.5 
  biological 17.8 17.8 
     
 Activated sludge/long 
holding time 
hydrolysis 4.9 4.2 
  photolysis + 
biological 
2.9 2.9 
  biological 5.9 5.9 
     
Toxicity to aquatic organisms    
 Activated sludge 
effluent/short holding 
time 
hydrolysis 200 171 
  biological 223 223 
     
 Activated sludge 
effluent/long holding 
time 
hydrolysis 53 45 
  photolysis + 
biological 
18 18 
  biological 74 74 
     
 Mech.chem. treatment 
effluent 
hydrolysis 214 183 
  biological 223 223 
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Table 6. (continued) 
RESULTS: Risk characterisation ratios for glutaraldehyde products 
Application: either 200 g/ton of paper or 40 mg/L of process water 
PNEC Activated sludge  1600 mg/L    
PNEC aquatic organisms 31 mg/L    
      
      
   PEC/PNEC in   
Endpoint treatment processes Mill 1 
(acid) 
Mill 1 
(alkaline) 
Mill 2 
(acid) 
Mill 2 
(alkaline) 
Toxicity to activated sludge 
microorganisms  
    
 Activated 
sludge/short holding 
time 
hydrolysis 12.3 12.3 2.8 2.8 
  biological 3.1 3.1 0.7 0.7 
      
 Activated sludge/long 
holding time 
hydrolysis 12.3 12.2 1.4 1.4 
  photolysis+ 
biological 
5.1 5.1 0.6 0.6 
  biological 1.5 1.5 0.2 0.2 
      
Toxicity to aquatic organisms     
 Activated sludge 
effluent/short holding 
time 
hydrolysis 634 632 145 144 
  biological 109 109 25 25 
      
 Activated sludge 
effluent/long holding 
time 
hydrolysis 631 628 72 72 
  photolysis + 
biological 
102 102 12 12 
  biological 31 31 4 4 
      
 Mech.chem. treated 
effluent 
hydrolysis 634 632 145 144 
  biological 109 109 42 42 
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